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                                                                April 2011 
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Metal nanoparticles in inorganic and organic materials have generated novel 
materials that display unique optical, catalysis, or biological properties making them 
attractive for using in various application areas. A big challenge in the synthesis of 
nanoparticles is particle aggregation or precipitation. This phenomenon can be inhibited 
with stabilization of nanoparticles by suitable polymers or chemical species as colloidal 
stabilizers. This thesis describes the different preparation methods and characterization 
of silver nanoparticles (Ag-NPs) in organic and inorganic materials as well as their 
potential applications. The methods used consist of green chemical method and physical 
methods, e.g., UV irradiation, pulsed laser ablation (PLA), and γ-irradiation. Silver 
nitrate, montmorillonite (MMT), gelatin, glucose, NaOH, and silver plate were used as 
starting materials in this work. In UV irradiation method, Ag-NPs were prepared at 
different irradiation times (i.e., 1, 3, 18, 48, and 96 hr) in MMT and gelatin (i.e., 1, 3, 6, 
© 
CO
PY
RI
GH
T U
PM
iii 
 
18, 24, and 48 hr) as inorganic and organic matrix, respectively. UV-vis spectra and 
transmission electron microscopy (TEM) images demonstrate the particles size of Ag-
NPs decrease with the increase of UV irradiation time. In γ-irradiation method, when the 
irradiation dose was increased (from 5 to 50 kGy); the mean size of particles reduced 
continuously (from 20.4 to 16.4 nm) due to the γ-induced Ag-NPs fragmentation. In 
PLA technique it was found smaller particle size distributions of Ag-NPs were obtained 
with smaller repetition rates and longer laser ablation times. Also, the UV-vis and TEM 
images demonstrated that the mean diameter of Ag-NPs increased (from 8.9 to 14.7 nm) 
as the laser repetition rate was increased (from 10 to 40 Hz). The use of inexpensive 
chemicals and non-toxic solvents – environmentally friendly and 
renewable/biodegradable – are central to materials synthesis. The green chemistry rules 
were applied for preparation of Ag-NPs in gelatin using glucose as a reducing agent, 
where the particle diameters of Ag-NPs at different temperatures and reaction times were 
investigated. It was found that with increasing of reaction times (from 6 to 48 hr) the size 
of Ag-NPs decreased (from 9.6 to 5.3 nm). The particle size of Ag-NPs obtained in 
gelatin solutions (3.7 nm) is smaller than in gelatin-glucose solutions (5.3 nm) which can 
be related to rate of reduction reaction. The stability of prepared Ag-NPs, as shown by 
UV-vis spectral analysis, was significant. The obtained Ag-NPs were characterized by 
X-ray diffraction (XRD) and atomic force microscopy (AFM). In addition, the Ag-NPs 
prepared in this work may have value for the creation of antibacterial and antimicrobial 
paints and coatings for household materials, surgical and food storage equipments. 
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MONTMORILONIT DAN GELATIN MENGGUNAKAN KAEDAH FIZIK DAN 
KIMIA 
Oleh 
MAJID DARROUDI 
                                                                April 2011 
Pengerusi : Profesor Madya Mansor Bin Ahmad, PhD 
Fakulti : Institut Teknologi Maju  
Nanozarah logam dalam bahan organik dan bukan organik telah menghasilkan 
bahan baharu yang mempamerkan ciri optikal, mangkin dan biologi unik yang 
menjadikan bahan tersebut menarik untuk kegunaan dalam pelbagai bidang. Cabaran 
yang sukar dalam penghasilan nanozarah ialah pergumpalan zarah atau mendakan. 
Fenomena ini dapat dielakkan dengan menstabilkan nanozarah menggunakan polimer 
yang sesuai atau bahan kimia sebagai penstabil koloid. Tesis ini menerangkan kaedah 
penyediaan yang berbeza dan pencirian nanozarah perak (Ag-NPs) dalam bahan organik 
dan bukan organik serta kegunaan lain yang berpotensi. Kaedah yang telah digunakan 
merangkumi kaedah kimia hijau dan kaedah fizikal seperti sinaran UV, penghakisan 
laser (PLA), dan sinaran-γ. Argentum nitrat, montmorillonit (MMT), gelatin, glukos, 
NaOH, dan kepingan perak digunakan sebagai bahan pemula dalam kajian ini. Untuk 
kaedah sinaran UV, Ag-NPs telah dihasilkan pada tempoh sinaran yang berbeza (1, 3, 
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18, 48, dan 96 jam)  dalam MMT dan gelatin (1, 3, 6, 18, 24, dan 48 jam), masing-
masing sebagai matriks bukan organik dan organik. Hasil spektra sinaran UV dan imej 
mikroskop elektron transmisi (TEM) bagi Ag-NPs menunjukkan saiz zarah menurun 
apabila tempoh sinaran UV ditingkatkan. Bagi sinaran-γ, apabila dos sinaran 
ditingkatkan (daripada 5 ke 50 kGy) saiz purata zarah menurun secara berterusan 
(daripada 20.4 ke 16.4 nm) disebabkan oleh kesan γ dalam fragmentasi Ag-NPs. Untuk 
teknik PLA, sebaran saiz zarah Ag-NPs lebih kecil diperoleh pada kadar pengulangan 
kecil dan jangka masa penghakisan yang lebih lama. Keputusan spektra sinaran UV dan 
imej TEM juga menunjukkan purata diameter Ag-NPs meningkat (daripada 8.9 ke 14.7 
nm) dengan peningkatan kadar pengulangan laser (daripada 10 ke 40 Hz). Penggunaan 
bahan kimia kos rendah dan pelarut tidak toksik – mesra alam dan boleh 
diperbaharui/terurai – adalah penting bagi sintesis bahan. Peraturan kimia hijau telah 
diaplikasikan bagi penyediaan Ag-NPs dalam gelatin menggunakan glukosa sebagai 
agen penurunan, di mana diameter zarah Ag-NPs yang terhasil pada suhu dan tempoh 
tindak balas yang berbeza telah dikaji. Didapati peningkatan tempoh tindak balas 
(daripada 6 ke 48 jam) menyebabkan saiz Ag-Nps berkurangan (daripada 9.6 ke 5.3 nm).  
Saiz zarah Ag-NPs dalam gelatin didapati lebih kecil (3.7 nm) daripada zarah dalam 
larutan gelatin-glukos (5.3 nm) yang dapat dikaitkan dengan kadar tindak balas 
penurunan. Kestabilan Ag-NPs, seperti ditunjukkan melalui analisis spektra UV, adalah 
sangat signifikan. Ag-NPs yang terhasil telah diciri menggunakan pembelauan sinar-X 
(XRD) dan microskop daya atom (AFM). Sebagai tambahan, penyediaan Ag-NPs dalam 
kajian ini kemungkinan berguna untuk penciptaan cat dan litupan anti-bakteria dan anti-
mikrobia bagi kegunaan alatan rumah, pembedahan dan peralatan penyimpanan 
makanan. 
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